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ABSTRACT

Objective: To investigate the relationship between white matter tract integrity and language and
memory performances in patients with temporal lobe epilepsy (TLE).

Methods: Diffusion tensor imaging (DTI) was performed in 17 patients with TLE and 17 healthy
controls. Fractional anisotropy (FA) and mean diffusivity (MD) were calculated for six fiber tracts
(uncinate fasciculus [UF], arcuate fasciculus [AF], fornix [FORX], parahippocampal cingulum [PHC],
inferior fronto-occipital fasciculus [IFOF], and corticospinal tract [CST]). Neuropsychological mea-
sures of memory and language were obtained and correlations were performed to evaluate the
relationship between DTI and neuropsychological measures. Hierarchical regression was per-
formed to determine unique contributions of each fiber tract to cognitive performances after
controlling for age and hippocampal volume (HV).

Results: Increases in MD of the left UF, PHC, and IFOF were associated with poorer verbal mem-
ory in TLE, as were bilateral increases in MD of the AF, and decreases in FA of the right AF.
Increased MD of the AF and UF, and decreased FA of the AF, UF, and left IFOF were related to
naming performances. No correlations were found between DTI measures and nonverbal memory
or fluency in TLE. Regression analyses revealed that several fibers, including the AF, UF, and
IFOF, independently predicted cognitive performances after controlling for HV.

Conclusions: The results suggest that structural compromise to multiple fiber tracts is associ-
ated with memory and language impairments in patients with temporal lobe epilepsy. Further-
more, we provide initial evidence that diffusion tensor imaging tractography may provide
clinically unique information for predicting neuropsychological status in patients with epi-
lepsy. Neurology® 2008;71:1869–1876

GLOSSARY
AF � arcuate fasciculus; BNT � Boston Naming Test; CST � corticospinal tract; DTI � diffusion tensor imaging; FA �
fractional anisotropy; FORX � fornix; HV � hippocampal volume; ICHV � intracranial-adjusted HV; IFOF � inferior fronto-
occipital fasciculus; LM � Logical Memory; MD � mean diffusivity; MTS � mesial temporal sclerosis; PHC � parahippocampal
cingulum; TLE � temporal lobe epilepsy; UF � uncinate fasciculus; WMS-III � Wechsler Memory Scale–Third Edition.

Global and lobar white matter atrophy has been reported in patients with temporal lobe epilepsy
(TLE),1,2 and an association between global white matter volume loss and generalized cognitive
dysfunction has been described.2 However, the relationships among local white matter changes and
cognitive impairments in TLE have not been established. Diffusion-tensor imaging (DTI) is a
relatively new MRI technique for investigating white matter microstructure by measuring the rela-
tive motility of water within a voxel (mean diffusivity [MD]) and its directionality (fractional anisot-
ropy [FA]).3,4 Higher MD and lower FA values are thought to reflect factors such as demyelination
and axonal injury that are important for understanding neurologic disease.5 DTI tractography is an
extension of DTI that provides an in vivo method of quantifying and visualizing the integrity of
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white matter tracts, offering a unique tool for
investigating the relationship between compro-
mise of specific white matter tracts and cognitive
impairment. [Note: The term tractography in
this study refers to the quantitative assessment of
the microstructural organization of fiber tracts
in vivo from MRI.21 It should be noted that the
more specific use of the term is reserved for
streamline fiber tracking based on connectivity
between a seeded source and an identified pro-
jection area].

Few studies have investigated the link be-
tween DTI tractography and cognition in ep-
ilepsy. One study demonstrated that increased
diffusivity in the left uncinate fasciculus (UF)
was related to poorer auditory memory,
whereas increased diffusivity and reduced FA
in the right UF were related to poorer visual
memory in left TLE.6 In another study, FA of
the left arcuate fasciculus (AF) was associated
with fMRI language lateralization in TLE.7 In
a subsequent study, the same researchers
showed that preoperative FA of the AF was
useful in predicting postoperative naming de-
cline.8 These studies provide initial evidence
that pathology within two frontotemporal fi-
ber tracts is associated with memory and lan-
guage functioning in TLE.

Due to increasing evidence of diffuse white
matter pathology in TLE, it is likely that nu-
merous fiber tracts are affected, and that pa-
thology within these fiber tracts contributes to
memory and language impairments. These fi-
bers include the UF, AF, fornix (FORX),
parahippocampal fibers of the cingulum
(PHC), and the inferior fronto-occipital fas-
ciculus (IFOF). Whereas previous studies
have implicated the PHC,9,10 UF,6,11,12 and
FORX13 in learning and memory, the AF7,14,15

and IFOF15,16 have been implicated in lan-
guage functioning. The corticospinal tract
(CST) was also included in this study to serve
as a “control” fiber that was not expected to
contribute to cognition. The purpose of the
study was to evaluate the relationships among
memory and language impairments and white
matter pathology in TLE. We also evaluated
these fibers as predictors of memory and lan-
guage in TLE after controlling for hippocam-
pal volume (HV).

METHODS Participants. Participants included 17 patients
with TLE and 17 age-, education-, and gender-matched con-
trols. All patients were undergoing presurgical evaluation at the
University of California, San Diego, Epilepsy Center. Patients
with TLE were prospectively enrolled in the study if they dem-
onstrated strong evidence of unilateral left (n � 9) or right (n �

8) temporal lobe seizure onset during ictal video-EEG record-
ings, and if video-EEG was supported by seizure semiology and
neuroimaging. In 11 patients, ictal onset was confirmed with
intracranial electrodes. Diagnoses were supported in 14 patients
by the presence of mesial temporal sclerosis (MTS). Seven of the
17 patients have undergone temporal lobe resections—all with
Class I seizure outcomes. Controls were recruited through open
advertisement and screened neurologic or psychiatric illness.

Procedure. Neuropsychological evaluation. The Logical
Memory (LM) I and II subtests from the Wechsler Memory
Scale–Third Edition (WMS-III)17 were used to evaluate immedi-
ate and delayed verbal memory. The Faces I and II subtests from
the WMS-III were used to evaluate immediate and delayed non-
verbal memory. The Verbal Fluency subtest from the Delis-
Kaplan Executive Functioning System18 was used to determine
letter fluency, and the Boston Naming Test (BNT)19 was used as
a measure of confrontational naming.

Image acquisition. MRI was performed on a General Elec-
tric 1.5T EXCITE HD scanner with an eight-channel phased-
array head coil. Image acquisitions included a conventional
three-plane localizer, GE calibration scan, two T1-weighted
three-dimensional structural scans (echo time � 4.8 msec, repe-
tition time � 10.7 msec, flip angle � 8 deg, bandwidth � 31.25
Hz/pixel, field of view � 25.6 cm, matrix � 256 � 256, slice
thickness � 1.0 mm), and five diffusion-weighted sequences.
Hippocampal and total white matter volumes were obtained ac-
cording to procedures described previously.20 Diffusion data
were acquired using single-shot echoplanar imaging with isotro-
pic 2.5 mm voxels (matrix size � 96 � 96, field of view � 24
cm, 47 axial slices, slice thickness � 2.5 mm), covering the entire
cerebrum and brainstem without gaps. Three volume series were
acquired with 51 diffusion gradient directions using b-values of
600, 800, and 1,000 mm2/s, each with an additional b � 0
volume. For use in nonlinear B0 distortion correction, two addi-
tional volume series were acquired with one b � 0 volume and a
single diffusion direction (b � 800 mm2/s), with either forward
or reverse phase-encode polarity. All patients were seizure-free
for a minimum of 24 hours prior to the MRI scan in order to
avoid the possible effects of acute postictal changes on diffusion
parameters.21

Image processing. Image files in DICOM format were
transferred to a Linux workstation for processing. The two T1-
weighted images were rigid body registered to each other and
reoriented into a common space, roughly similar to alignment
based on the AC-PC line. Images were corrected for nonlinear
warping caused by nonuniform fields created by the gradient
coils.22 Image intensities were corrected for spatial sensitivity in-
homogeneities by normalizing with the ratio of a body coil scan
to a head coil scan. Preprocessing of the diffusion-weighted im-
ages was performed according to previously described proce-
dures.23 Images were resampled using linear interpolation to
1.875 mm3 isotropic voxels.

Fiber tracking and calculations. Fiber FA and MD values
for the six fiber tracts were derived using a probabilistic diffusion
tensor atlas that was based on manual tracings as described previous-
ly23 (figure 1). Results obtained from the atlas-generated fibers corre-
late highly with those obtained from manual tracings (average R2 �
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0.98). However, the atlas has the advantage of eliminating the time
demands of manual tracings.

Statistical analysis. First, univariate analyses of variance
were performed to examine group differences in FA, MD, and
each neuropsychological measure. Second, the relationships
among age- and education-adjusted test scores and FA/MD of

each fiber tract were evaluated using Spearman rho correlations.
Third, hierarchical regression analyses were then performed to
determine the contribution of each fiber tract to cognitive per-
formances in patients with TLE, after regressing out age and
HV. In order to control for Type I error rates, only correlations
with a p value �0.01 were considered significant.

Figure 1 Horizontal (A–F) and sagittal views of the six fiber tracts in a healthy, 38-year-old,
right-handed man

All fibers were obtained from a probabilistic DTI atlas based on manual tracings that were performed in DTI Studio. Individ-
ual fiber tracts are shown projected on their corresponding T1-weighted images using Tractoview software. Color-coding
is included to assist with identification of the fibers in the superimposed images (bottom row). Colors do not provide infor-
mation with respect to fiber orientation.
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RESULTS There were no group differences between
the patients and controls in age (TLE mean � 34.1
years; control mean � 38.7 years), years of education
(TLE mean � 13.2; control mean � 14.3), or gen-
der distribution (7 men per group). Mann–Whitney
U test revealed no group differences between the
right and left TLEs in duration of illness, number of
anticonvulsant medications, seizure frequency, time
since last seizure, or age at seizure onset. There were no
group differences in the number of anticonvulsant med-
ications with known cognitive side effects (e.g., pheno-
barbital) vs those without cognitive side effects (e.g.,
lamotrigine). Neuropsychological testing revealed that
patients with left TLE were impaired on LM I, LM II,
and the BNT (table 1). Left and right TLEs were both
impaired on Verbal Fluency. Patients did not differ
from each other on any measure. However, table 1 re-
veals a trend toward greater impairment on all verbal
measures in left TLE. Group differences in fiber FA and
MD are shown in table 2.

Correlational analyses. No significant correlations
emerged among fiber FA or MD values and age- and
education-adjusted language or memory perfor-
mances in the controls. Therefore, all remaining re-
sults are reported for patients only. Due to the lack of
group differences between patients with right and left
TLE in cognitive performances and many of the
FA/MD scores, patients were combined in the corre-
lation and regression analyses. Qualitative differences
between left and right TLEs can be seen in selected
scatterplots (figure 2).

Memory. There were no significant correlations be-
tween left, right, or total white matter volume and
memory performances in patients with TLE. For ver-
bal memory, lower LM I scores were associated with
higher MD of the left UF, PHC, and IFOF (table 3).
Lower LM II scores were associated with lower FA of

the right AF, and with higher MD of the left UF, PHC,
and IFOF, and higher MD of the left and right AF.
There were no significant correlations between any of
the FA or MD fiber measures and Faces I or II.

Language. There were no significant correlations be-
tween left, right, or total white matter volume and lan-
guage performances in patients with TLE. Lower BNT
T scores were associated with lower FA of the left IFOF,
and of the left and right AF and UF. Lower BNT scores
were also associated with higher MD of the left UF, left
AF, and right AF. Lower Verbal Fluency scores were
associated with lower FA of the left CST.

Regression analyses. Memory. Smaller left intracranial-
adjusted HV (ICHV) predicted lower LM I (b �
0.647; p � 0.01) and LM II (b � 0.625; p � 0.01)
scores. After regressing out age and ICHV in a hier-
archical model, MD of the left IFOF (b � 0.403;
p � 0.05) added to the prediction of LM II, account-
ing for an additional 12% of the variance. Together,
ICHV and MD of the left IFOF explained 66% of
the variance in LM II scores. No other FA/MD vari-
ables remained significant contributors to the predic-
tion of memory scores.

Language. Left ICHV was not correlated with age-
and education-adjusted BNT scores. Therefore, after
accounting for the contributions of age and left ICHV,
FA of the left UF (b � 0.910; p � 0.01), right UF (b �
0.904; p � 0.001), left AF (b � 0.866; p � 0.01), and
left IFOF (b � 0.718; p � 0.01) all remained signifi-
cant predictors of BNT scores.

DISCUSSION The goal of this study was to use
DTI tractography to investigate the associations
among microstructural compromise to white matter
tracts and memory and language performances in
TLE. We found that increased MD of numerous fi-
ber tracts was associated with poorer verbal, but not
nonverbal, memory performances in TLE. These as-
sociations were strongly left-lateralized for the UF,
PHC, and IFOF. In addition, decreased FA and in-
creased MD of the left IFOF, and bilateral AF and
UF were associated with poorer confrontational
naming, but not fluency, in TLE. These findings are
supported by previous research demonstrating that
increased diffusivity and decreased FA within fronto-
temporal fiber tracts is linked to neuropsychological
impairments in TLE.6-8 Our findings extend the lit-
erature by demonstrating that 1) damage to fiber
tracts other than the AF and UF are associated with
language and memory impairments in TLE, and 2)
many of these fibers appear to contribute to cogni-
tion independent of HV, thereby providing clinically
unique information in the prediction of cognitive defi-
cits. Finally, our results revealed that language and
memory performances are not associated with the integ-

Table 1 Neuropsychological performance on
language and memory tests in
patients with temporal lobe epilepsy
(TLE) and controls

Left TLE,
n � 9

Right TLE,
n � 8

Controls,
n � 17

LM I SS 6.5 (2.0)* 9.0 (2.1) 11.0 (2.3)

LM II SS 6.5 (2.6)* 9.5 (1.9) 11.2 (2.7)

Faces I SS 8.7 (1.8) 9.2 (3.1) 11.1 (3.8)

Faces II SS 10.3 (1.9) 8.0 (3.0) 11.4 (2.2)

BNT T-score 28.6 (7.3)* 38.4 (16.1) 43.1 (8.1)

Letter Fluency SS 5.4 (4.0)* 6.4 (2.7)* 12.0 (3.4)

Standard deviations are displayed in parentheses.
*Group means are significantly different from controls at
p � 0.01.
LM � Logical Memory; SS � scaled score; BNT � Boston
Naming Test.
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rity of all left hemisphere white matter in that most did
not correlate with a fiber tract implicated in motor
functioning, nor did they correlate with total left
hemisphere white matter volume. Together, these
findings provide evidence that a network of fiber
tracts within the left and right hemisphere con-
tribute to language and memory in TLE, and that
these associations can be revealed by DTI.

Based on previous research and temporal lobe
connectivity, we hypothesized that the UF, PHC,
and FORX would be associated with memory perfor-
mances in TLE. The UF is considered to be the ma-

jor fiber tract connecting the inferior frontal and
anterior temporal lobe,24,25 and has been implicated
in binding stimuli into specific episodes for subse-
quent retrieval and conscious recollection.26 Our
findings are in line with previous DTI research dem-
onstrating the importance of the UF in episodic
memory,6 and our data reveal a strong, material-
specific association between increased MD of the left
UF and poorer verbal memory in TLE.

We also found a strong association between MD of
left PHC fibers and verbal memory in TLE. The PHC
runs along the ventral aspect of the parahippocampal
gyrus and connects medial temporal lobe regions to the
posterior cingulate cortex.3 These fibers are a crucial
part of Papez Circuit27—a group of interconnected gray
and white matter limbic structures that has long been
implicated in memory.9 The contribution of PHC fi-
bers to learning and memory is further supported by
studies demonstrating that damage to this pathway dis-
rupts learning and retention of information in rats.28

Although the rather strong association between
MD of the left IFOF and verbal memory was not
anticipated, it has been suggested that the IFOF is a
subcortical pathway underlying the semantic system
with a putative role in providing a link between pho-
nology and sentence comprehension.15 Given the na-
ture of our verbal memory task (i.e., recall of
paragraph information), it is possible that the high
demands placed on semantic processing account for
the strong association. Alternatively, our verbal
memory task has high attentional demands and likely
recruits frontal lobe regions involved in attention.29

Thus, increased diffusivity of the left IFOF may have
led to impaired attention, resulting in poorer perfor-
mances on both immediate and delayed recall.

Contrary to our hypotheses, we did not find a
correlation between FA or MD of the FORX and
memory performances. However, FORX values in
patients with TLE did not differ from controls.
Therefore, damage to the FORX may have been too
subtle to reveal a significant relationship with mem-
ory scores in our patient group.

With respect to language performances, the associa-
tion between integrity of the left AF and confronta-
tional naming is well-established and has been
documented in DTI studies.7,8,14 However, we also
found a strong correlation between integrity of the right
AF and confrontational naming in our patients. These
data are commensurate with studies demonstrating
right hemisphere contributions to language process-
ing,30 and with studies suggesting partial reorganization
of language to the right hemisphere in some patients
with left TLE.7 In addition to the AF, there is emerging
evidence that the left IFOF plays a key role in language.
Electrostimulation of the IFOF induces semantic para-

Table 2 Fiber fractional anisotropy (FA) and mean diffusivity (MD) values for
the left temporal lobe epilepsy (TLE), right TLE, and control groups

Left TLE Right TLE Controls

Uncinate fasciculus

Right FA 0.316 (0.012) 0.326 (0.025) 0.332 (0.021)

Left FA 0.301 (0.031)*‡ 0.337 (0.023)† 0.342 (0.020)†

Right MD 0.784 (0.038) 0.772 (0.036) 0.798 (0.040)

Left MD 0.806 (0.047)* 0.757 (0.033)† 0.789 (0.032)

Arcuate fasciculus

Right FA 0.347 (0.029)*‡ 0.385 (0.030)† 0.380 (0.019)†

Left FA 0.353 (0.032)*‡ 0.389 (0.024)† 0.387 (0.025)†

Right MD 0.712 (0.042) 0.677 (0.042)‡ 0.713 (0.024)*

Left MD 0.715 (0.046)* 0.665 (0.031)†‡ 0.709 (0.026)*

Parahippocampal
cingulum

Right FA 0.276 (0.028) 0.270 (0.021)‡ 0.30 (0.022)*

Left FA 0.268 (0.031)‡ 0.280 (0.022) 0.295 (0.022)†

Right MD 0.776 (0.052) 0.755 (0.046) 0.790 (0.043)

Left MD 0.824 (0.069)* 0.744 (0.042)†‡ 0.801 (0.039)*

Inferior fronto-occipital
fasciculus

Right FA 0.356 (0.025) 0.374 (0.023) 0.381 (0.027)

Left FA 0.346 (0.040)*‡ 0.383 (0.020)† 0.384 (0.023)†

Right MD 0.788 (0.038) 0.766 (0.040) 0.780 (0.045)

Left MD 0.809 (0.059)*‡ 0.752 (0.031)† 0.791 (0.044)†

Fornix

Right FA 0.275 (0.035) 0.279 (0.024) 0.280 (0.024)

Left FA 0.264 (0.037) 0.263 (0.016) 0.278 (0.021)

Right MD 1.18 (0.121) 1.12 (0.065) 1.21 (0.133)

Left MD 1.25 (0.161) 1.13 (0.073) 1.20 (0.084)

Corticospinal tract

Right FA 0.441 (0.029) 0.467 (0.029) 0.460 (0.030)

Left FA 0.268 (0.032) 0.461 (0.019) 0.458 (0.023)

Right MD 0.720 (0.041) 0.692 (0.065) 0.733 (0.036)

Left MD 0.726 (0.059) 0.689 (0.042) 0.733 (0.032)

Standard deviations are displayed in parentheses.
*Group mean is significantly different from right TLE.
†Group mean is significantly different from left TLE.
‡Group mean is significantly different from controls.
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phasias during picture naming, and this phenomenon
occurs regardless of which portion of the IFOF is stim-
ulated.16 It has been suggested that the IFOF may be a
subcortical pathway underlying the semantic system,
i.e., part of a ventral semantic stream involved in lan-
guage and semantic processing that complements the

dorsal language system that includes the AF. Finally,
bilateral integrity of the UF was associated with higher
naming scores. Although primarily associated with epi-
sodic retrieval, the UF has also been implicated in
lexical-semantic retrieval processes that are fundamental
to confrontational naming.31

Figure 2 Scatterplots displaying the relationship between neuropsychological test performances and
fractional anisotropy (FA)/mean diffusivity (MD) of selected left and right fiber tracts

All FA and MD values are plotted against age- and education-adjusted scaled scores.
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Taken together, our results provide additional in-
sight into underlying structure-function relationships in
TLE, and demonstrate how DTI can be used to delin-
eate the neurocognitive correlates of localized white
matter damage. We also propose that DTI can be used
in conjunction with HC volumes to predict cognitive
impairments in TLE. Despite the potential clinical ap-
peal of these findings, several other points and limita-
tions should be addressed. First, given the correlational
nature of this study, causation is only assumed and can-
not be completely determined from the analyses. Sec-
ond, we observed a general trend for patients with left

TLE to have lower FA and higher MD values bilaterally
in many tracts relative to patients with right TLE. This
is consistent with some evidence of greater bilateral pa-
thology in left TLE.32,33 However, these results should
be replicated in a larger group of patients to rule out the
possibility that this finding is limited to our sample.
Third, given the lack of significant differences between
right and left TLEs in cognitive performances, we chose
to combine the patient groups. With a larger sample,
perhaps group differences would have emerged and re-
vealed different DTI-cognitive relationships within
each group. Fourth, we did not find any correlations
among DTI variables and performances on measures of
nonverbal memory. It is of note that neither patient
group was impaired in memory for faces. Therefore, the
lack of a correlation may have been due to a restricted
range of scores. However, the association between non-
verbal memory and right temporal lobe function is
known to be more tenuous than the association be-
tween verbal memory and left temporal lobe function.34

Fifth, we adopted a statistical threshold of p � 0.01 to
control for Type I errors. This value may have resulted
in some error inflation, accounting for one or more
atypical findings (i.e., the correlations between left CST
and verbal fluency or right AF and LM II). Similarly,
although FA and MD values are inversely related, they
bore somewhat different relationships to cognition. In
general, fiber MD correlated with memory perfor-
mances, whereas fiber FA and MD correlated with
naming. Inspection of table 3 reveals that all FA and
MD correlations were in the expected direction. How-
ever, the magnitude of the relationships differed in that
some values exceeded our statistical threshold of p �

0.01, whereas others fell just below (i.e., possible Type
II errors). Other findings may have reflected Type I er-
rors that would not emerge with a more stringent
p value. A final possibility is that controlling for age in
our relationships attenuated the correlations with FA
and MD. It is well known that white matter integrity
correlates with age.35 However, we choose to co-vary
out age to isolate the effects of TLE on structure–
function relationship. Finally, the validity of DTI as a
measure of white matter integrity remains difficult to
determine due to the lack of a gold standard. DTI mea-
surements are subject to inaccuracies due to crossing
fibers, partial voluming, noise, and limitations of the
particular tracking algorithm applied.36 Although one
can assume that these measurement errors are uni-
form across participants and would have mini-
mally affected our analyses, the degree to which
measurement or instrumentation-related factors
influenced our results is unknown. Additional re-
search is needed establishing the validity of DTI
tractography in patients with epilepsy and other

Table 3 Spearman rho correlations between atlas-generated fiber fractional
anisotropy (FA)/mean diffusivity (MD) values and age- and
education-corrected neuropsychological test scores for patients
with temporal lobe epilepsy

LM I LM II Faces I Faces II BNT Letter Fluency

Uncinate fasciculus

Right FA 0.456 0.467 0.402 0.196 0.824* 0.427

Left FA 0.521 0.472 0.596 0.196 0.818* 0.317

Right MD �0.337 �0.554 0.019 �0.042 �0.244 �0.295

Left MD �0.653† �0.737† �0.305 �0.020 �0.634† �0.308

Arcuate fasciculus

Right FA 0.527 0.655† 0.233 0.014 0.654† 0.273

Left FA 0.589 0.595 0.391 0.285 0.795* 0.488

Right MD �0.490 �0.641† �0.180 0.148 �0.640† �0.231

Left MD �0.553 �0.652† �0.103 0.056 �0.660† �0.279

Parahippocampal
cingulum

Right FA �0.076 �0.214 0.277 0.227 0.325 0.110

Left FA 0.286 0.190 0.319 �0.076 0.490 0.442

Right MD �0.316 �0.476 �0.219 �0.339 �0.312 �0.526

Left MD �0.623† �0.652† �0.424 �0.277 �0.466 �0.548

Inferior fronto-occipital
fasciculus

Right FA 0.517 0.609 0.141 �0.028 0.506 0.185

Left FA 0.560 0.592 0.338 0.131 0.695† 0.407

Right MD �0.361 �0.542 0.078 0.134 �0.259 �0.019

Left MD �0.700† �0.741* �0.363 �0.084 �0.294 �0.296

Fornix

Right FA 0.518 0.351 0.264 �0.509 0.226 �0.179

Left FA 0.313 0.113 0.178 �0.084 �0.115 0.112

Right MD �0.542 �0.436 �0.191 0.196 0.131 0.061

Left MD �0.478 �0.427 �0.180 0.145 0.345 0.019

Corticospinal tract

Right FA 0.327 0.329 0.297 0.104 0.523 0.457

Left FA 0.372 0.351 0.510 0.400 0.222 0.652†

Right MD �0.433 �0.494 �0.286 0.266 �0.540 �0.122

Left MD �0.328 �0.411 �0.078 0.255 �0.549 �0.143

*p � 0.001.
†p � 0.01.
LM � Logical Memory; BNT � Boston Naming Test.
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neurologic diseases before its clinical value can be
fully appreciated.
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